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Abstract. A study was carried out on the physico-chemical quality of water, sediments, effluents and 
biota in Alaro stream and a pond in Ibadan.Impacts of effluents from Pepsi 7up and Sumal Ltd on 
Alaro stream and Isoglass Ltd on the pond that receives part of its effluents were studied in four 
months. Effluents, water and sediments samples were collected at the different points. Physico-
chemical parameters, metals (trace and heavy) and non-metal concentrations were determined. 
Benthos   samples   were   also   collected   at   the   different designated points in Alaro stream and 
the pond and their populations were estimated. The metals concentrations of the samples showed 
that   effluents discharged by Pepsi 7up contained 1.44, 1.55, 3.51, 1.35,   1.30 and   1.29mgl-1 of 
Cadmium.  Nickel, Copper,   Arsenic,   Mercury   and   Lead respectively.  Sumal Ltd discharged 
effluents with 0.98, 3.58, 4 33, 1.04, 0.81, 0.85 mgl-1 of the same metals respectively while that of 
Isoglass Ltd contained 0.9,  1.24,  1.73, 0.95, 1.01 and 1.01 mgl-1 of the same metals respectively. The 
physico-chemical parameters of water obtained from the pond showed that mean BOD, DO, 
alkalinity, pH, Nitrates and phosphates were 3.17, 4.6, 2.30, 6.47, 25.6 and 1.12 mgl-1 respectively. 
At the point of entry of the combined effluents from Pepsi 7up and Sumal Ltd into Alaro stream the 
values were 2.19, 8.16, 378.25, 0.25, 45.98 and 0.87 mgl-1 in that order.       Metals (trace and heavy) 
concentrations of physidae and Potamogeton surrounding the pond and Eurypanopeus adspersus and 
banana sucker, Musa species surrounding Alaro stream (about 1 metre to the water) were 
determined. These showed a higher concentration than that of the surface water. 
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INTRODUCTION 
Nutrients discharged by industries into surface waters affect the ecology of the 
aquatic environment by making the water unsafe for drinking. According to 
Uchegbu 1988, the toxins in the effluents could be poisonous to organisms at their 
genetic and physiological levels. It also brings about loss of biodiversity such that a 
variety of life forms are drastically reduced or some even lost to extinction as a 
result of the pollution impact.   These organisms occupy different but vital niches in 
the ecosystem and have different resource values to man. The major concerns are 
the effects of these effluents on the water quality,   aquatic life and the safety of 
humans environmentally or occupationally exposed to the pollution. In an industrial   
district   where   wastes   are   continuously generated and discharged into the 
environment   without adequate disposal methods, the aquatic system eventually 
receives the bulk of the contaminants. Effluents discharged into rivers may have 
effects on aquatic fauna and flora either directly or indirectly (Ademoroti, 1988).It is 
noteworthy to mention that some heavy metals occur naturally in water bodies as 
essential nutrients for the proper functioning of the biota. However, when the 
concentrations of the metals exceed certain tolerable limits, they become toxic. 
Metals are the commonest constituents of almost all effluents and are worthy of 
investigation because of their direct toxic effects and their ability to bioaccumulate 
along the food chain.Biomonitoring is of importance to any activity involving the use 
of water bodies in the management of fisheries, water supply, pollution, sewage 
reservoirs and impoundments (Valentyne, 1957). Any slightest alteration in the 
water quality is reflected as changes in the biotic community structure and the most 
sensitive species act as indicators of pollution. Thus, plankton and 
macroinvertebrates may be expected to act as bio-indicators of pollution in Alaro 
stream and a pond within Oluyole industrial Estate in Ibadan.Bioaccumulation is 
an important, process through which chemicals can affect living organisms. This is 
an increase in the concentration of a chemical in a biological organism over time, 
compared   to   the   chemical's   concentration   in   the environment. (EXTOXNET, 
1993). A food chain in an aquatic ecosystem is one of the most transfer routes of 
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trace heavy metals by aquatic ecosystem. Many investigations have been conducted 
on the use of bioindicators in environmental quality monitoring. However, most of 
these works have been carried out in the developed and highly industrialized 
countries, hence the need to conduct local studies to reflect the tropical and 
developing nature of Nigeria. The present investigation was designed to determine 
the combined pollution effects of effluents from Sumal Ltd and Pepsi 7up bottling 
company plc, Ibadan on plankton and macroinvertebrates of the receiving Alaro 
River and the pollution effects of effluents from Isoglass on the nearby pond all 
within Oluyole industrial estate in Ibadan. 
MATERIALS AND METHODS 
The study was carried out over a period of four months from August to November. 
Sampling was carried out once in a month and mainly during the last week. 
THE STUDY AREA 
The study area included two water bodies within Oluyole industrial estate in 
Ibadan, Nigeria. Oluyole is located between latitude 7° 19'10"N - 7° 23'36''N and 
longitude 3° 55' 16''E. The two water bodies are Alaro stream, which receives the 
combined effluents from Pepsi 7up and Sumal Ltd and the pond, which receives 
part of the effluents from Isoglass Ltd. 
 ALARO STREAM: This is a tributary of River Alaro that flows into Oluyole the  
North  west  end  runs its course  in  a  southeastern direction to join the  bigger 
River Ona behind Zartech Industries. This is shown in figure 1. 
The water level of Alaro stream is regulated by seasonal changes; it is high during 
the rainy season and is a complete lothic (moving) water body but very low in the 
dry season forming lenthic (still) water bodies in the upstream. 
Three sampling points were chosen on this stream, these are point F; a point just 
after the combined effluents from Pepsi 7up and Sumal Ltd mix with Alaro stream. 
Point F, a point downstream, about 25meters after the entry point of the combined 
effluents. Point G which is upstream before the entry of the effluents into the 
stream. 
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Point F is taken as reference for comparison with the other points to assess the 
degree of self-recovery of the stream from the effects of the industrial effluents 
discharged clown to it. Point G serves as the control point for the effects of the 
effluents on the Alaro stream. The point of discharge of effluents from Pepsi 7up is 
designated point C while the point of discharge of effluents from Sumal Ltd is taken 
as point D. 
THE POND 
The pond is located beside the point of discharge of effluents from Isoglass Ltd in 
the southeastern direction. It is about eight metres from   the point of discharge.  
During the rainy season, the pond over flows its boundary and spills on the road 
and the water flows into the gutter.   In. the dry season, the pond dries up 
completely.  This pond receives effluents from Isoglass Ltd.    A point was chosen on 
the pond as point B.    The point of discharge of effluents from Isoglass Ltd was 
designated point A 
SAMPLING TECHNIQUES 
WATER AND EFFLUENTS SAMPLES 
Water samples were collected from the three points in Alaro stream and from a 
point in the pond in 250ml bottles for the determination of the biochemical Oxygen 
demand (BOD) and dissolved Oxygen (DO) which were determined by the Winkler's 
titrimetric methods APHA (1992); Ademoroti (1996). The temperature of the surface 
water and effluents at each point and the ambient temperature was taken with 
mercury in glass thermometer (Hira, 1966). Effluents and water samples were 
collected from each point in plastic containers of 1.5litre capacity for the 
determination of the following characteristics in them: Alkalinity was measured 
titrimetrically (APHA, 1995).Total suspended solids and Total dissolved solids were 
determined by gravimetric method at 1030C - 1050C and 1800C respectively (APHA, 
1995).PH of the samples was determined by PH meter using electrometric method. 
Phosphate (PO4): was determined by colorimetric method (APHA, 1995).Chloride 
(Cl): was determined using Argentometric method (APHA, 1995).Ammonia (NH3): 
was determined by titrimetric method which allowed for a preliminary distillation 
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step (APHA, 1995).Sulphate (SO4-2): This was determined using turbidimetric 
method (APHA, 1992).Potassium and Sodium were determined by flame atomic; 
emission spectrometry method (APHA, 1992; APHA, 1995).The heavy metals were 
measured using Buck 200 Atomic absorption spectrophotometer at the Institute of 
Agricultural Research and Training (IAR and T) Moore plantation Apata, Ibadan. 
SEDIMENTS SAMPLES 
Sediments were collected by scooping the shores of the stream and the pond with an 
Iron Mesh shovel at the described points to the depth of between 10 and 15 
centimeters. The metals (trace and heavy) and the non-metals characteristics of the 
sediments samples were determined using the methods outlined above. 
BENTHOS COLLECTION 
The benthic organisms were collected from the pond and Alaro stream at the 
designated points with the sediments in specimen bottles and Rose Bengale was 
added to stain the benthic organisms present. Formalin was added for preservation. 
In the laboratory, the formalin in the preserved materials was washed off by tap 
water through 14mm sieve and the organisms were identified and their population 
at the different points was estimated. 
COLLECTIONS OF SOME ORGANISMS SURROUNDING THE POND AND 
STREAM 
The organisms collected included 10 pouch snails (physidae) and five strands of 
pondweeds (Potamogeton) from around the pond, about one metre to the water. 
From Alaro stream, one stand of Banana sucker (Musa species) and one Mud crab 
(Eurypanopeus adspersus) were collected at point F and one Eurypanopeus 
adspersus from point G, also at about distance of one metre from the water. The 
organisms were dried, each, separately in an oven at 105°c and grounded to powder 
and put in a dessicator. HN03 and HC104 in ratio 2:1 were added to two grams of 
the powdered form of each organism to digest it. The residues were then dissolved 
in 10ml hydrochloric acid and diluted to l00ml with distilled water. The solutions 
obtained this way for each of the organism was used for the determination of non-
metals, metals (trace and heavy) concentrations in the organisms. 
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DATA ANALYSES  
Similarity between samples employed Sorensen’s co-efficient of community 
similarity index (Erondu and Chindah, 1991). 
Sorensen’s co-efficient is expressed as 
SC =  2C  
 SA+SB 
Where SC= Sorensen’s co-efficient 
C = Number of species common to both communities. 
SA = Number of species in community A only 
SB = Number of species in community B only. 
The values were then used to assess the impact of the industrial effluents on the 
organisms.  
 
RESULTS 
WATER AND EFFLUENTS SAMPLES  
PHYSICO - CHEMICAL CHARACTERISTICS 
TOTAL DISSOLVED SOLIDS (TDS): Total dissolved solids for rainy months of the 
study range between 1.40 and 1.60mg/l at point. A, 0.20 and 0.40mg/l at point B, 
0.20 and 0.40 mg/l at point G while the values recorded for points C,D,E and F 
during the same period were 0.20, 0.20, 0.00 and 0.00 mg/l respectively. During the 
dry months, the values for point A were 2.02, and range between 2.01 and 3.14 mg/l 
at. point C, 2.03 and 4.06 mg/l at point D, 2.00 and 2.33 mg/l at point E, 1.93 and 
2.00 mg/l at point F, 2.01 and 2.19 mg/l at point G. 
PH: The PH values range between 6.5 and 6.9 at point A, 6.1 and 6.7 at point 1?, 5.6 
and 6.68 at point C, 4.95 and 6.4 at point D, 6.4 and 7.1 at point E, 6.5 and 6.95 at 
point F while at point G, it ranges between 6,4 and 6.9. 
TOTAL SUSPENDED SOLIDS (TSS)-.At point A, the values range between 12.0 
and 14.0 mg/l during the rainy months while it was 1.20 mg/l during the dry months. 
The TSS was between 2.00 and 2.80 mg/l in the rainy season and 3.02 mg/l was 
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recorded in the dry months at point B. At point G the values for rainy and dry 
months respectively were 1.40 and 2.93 mg/l. In the rainy months at point D, the 
value was 2.00 mg/l but ranges between 1.10 and 13.45 mg/l in the dry months. At 
point E, 0.00 mg/l was recorded in the rainy month while the values recorded in the 
dry months range between 2.05 and 2.30 mg/l. At point F the values for the rainy 
months was 0.00 mg/l and ranges between 1.9 and 3.00 mg/l in the dry month. The 
values at point G are, for the rainy and dry months 2.00 mg/l. 
ALKALINITY: During the rainy months, the alkalinity range between 220 and 225 
mg/l at point A, 215 and 315 mg/l at point B, 260 and 270 mg/l at point C, 182.50 
and 225 mg/l at point D, 250 and 315 mg/l at point E, 222 and 225 mg/l at point F, 
216 and 220 mg/l at G. In the dry months, alkalinity at points A and B respectively 
were 124 and 160 mg/l and range between 88 and 650 mg/l at point C, 234 and 490 
mg/l at point D, 168 and 780 mg/l at point E, 1 20 and 260 mg/l at point. F, 140 and 
188.75 mg/l at point G. 
DISSOLVED OXYGEN (DO): The dissolved oxygen (DO) ranges between 4.15 and 
4.85 mg/l at point B, 5.4 and 11.45 mg/l at point E, 5.55 and 8.45 mg/l at point F, 7.9 
and 13.3 mg/l at point G. 
BIOCHEMICAL OXYGEN DEMAND (BOD): During the rainy months, the BOD 
ranges between 3.3 and 6.2 mg/l at point B, 3.8 and 4.95 mg/l at point E, 4.4 and 9.0 
mg/l at point F, 4.2 and 9.2 mg/l at point G. In the dry months of the study, at point 
B the BOD is 0.00 mg/l while it ranges between 0.00 and 0.40 mg/l at point F, 5.7 
and 5.9 mg/l at, point G. 
TEMPERATURE: In all the points the temperature recorded during the rainy 
months was 20°C. During the dry months, 22°C was recorded at both points A and 
B and ranges between 19 and 20°C at points C, D, E, E and G. 
Details of the physico-chemical parameters of the water and effluents samples in 
mgl-1 are shown in table 1 
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TABLE 1: MONTHLY PHYSICO-CHEMICAL READINGS OF THE 
EFFLUENTS AND WATER OF ALARO STREAM AND THE POND 
 STUDY SITES 
Parameters Season Month THE POND ALARO STREAM 
   Unit 
in mgl-
1A 
Unit 
in mgl-
1B 
Unit 
in mgl-
1C 
Unit 
in mgl-
1D 
Unit 
in mgl-
1E 
Unit 
in mgl-
1F 
Unit 
in mgl-
1G 
 Rain August 115.20 120.70 128.00 95.00 120.50 266.00 121.00 
NH3-  Sept 113.80 117.80 127.80 78.30 120.70 278.10 121.80 
 Dry October 80.10 119.80 75.80 126.70 120.80 88.50 125.80 
  November - - 82.40 122.15 122.10 91.20 126.70 
 Rain August 34.40 20.00 11.96 12.60 20.80 17.00 24.60 
P04-  Sept 8.34 0.97 0.36 0.53 0.56 2.34 1.31 
 Dry October 1.34 1.20 1.80 1.40 1.20 1.30 1.32 
  November - - 1.58 1.48 1.20 1.30 1.40 
 Rain August 85.00 115.00 70.80 154.20 127.20 156.00 99.00 
Cl-  Sept  85.20 113.60 71.00 156.20 127.80 156.20 99.40 
 Dry October 86.10 115.06 157.80 73.10 128.80 158.10 100.01 
  November - - 121.60 130.80 120.10 150.10 102.10 
 Rain August 12.00 2.80 2.00 2.00 0.00 0.00 2.00 
TSS  Sept 14.00 2.00 2.00 2.00 0.00 0.00 2.00 
 Dry October 1.20 3.02 1.40 1.10 2.05 3.00 2.00 
  November - - 2.93 13.45 2.30 1.90 2.00 
 Rain August 1.60 0.40 0.20 0.20 0.00 0.00 0.20 
TDS  Sept 1.40 0.20 0.20 0.20 0.00 0.00 0.20 
 Dry October 2.02 2.04 2.01 2.03 2.00 2.00 2.01 
  November - - 3.14 4.06 2.33 1.93 2.19 
 Rain August 6.5 6.6 5.6 6.4 6.4 6.5 6.5 
PH  Sept 6.6 6.1 5.8 6.4 6.4 6.5 6.5 
 Dry October  6.9 6.7 5.7 6.9 6.7 6.95 6.9 
  November - - 6.68 4.95 7.1 6.80 6.85 
 Rain August 19 19 20 20 20 20 20 
Temp  Sept 20 20 20 20 20 20 20 
 Dry October 22 22 19 19 19 19 19 
24                                          Advances in Bioscience and Bioengineering 
  November - - 20 20 20 20 20 
 Rain August 0.20 0.32 0.66 0.24 0.31 0.54 0.86 
Conductivity  Sept 0.08 0.65 0.70 0.25 0.32 0.56 0.30 
 Dry October 0.55 0.80 0.60 0.73 0.31 0.33 0.38 
  November - - 0.66 0.57 0.33 0.41 0.35 
 Rain August 220.00 215.00 260.00 182.50 250.00 222.00 216.00 
Alkalinity  Sept 225.00 315.00 270.00 225.00 315.00 225.00 220.00 
 Dry  October 124.00 160.00 88.00 490.00 168.00 120.00 188.75 
  November - - 650.00 234.00 780.00 260.00 140.00 
 Rain August  4.80   5.4 5.55 8.15 
Do  Sept  4.85   8.45 8.45 15.60 
 Dry October  4.15   7.35 8.35 7.90 
  November  -   11.45 7.90 13.30 
 Rain August  3.30   4.95 9.00 4.20 
BOD  Sept  6.20   3.80 4.40 9.20 
 Dry October  0.00   0.00 0.40 5.70 
  November  -   0.00 0.00 5.90 
 
4.1.2 HEAVY AND TRACE METALS CONCENTRATIONS  
NICKEL: The Nickel concentrations in the rainy months at point B and E was 
1.2mgl-1 each and range between 1.2 and 1.3 mg/l at point A, 1.4 and 1.6 mg/l at 
point C, 1.3 and 1.4 at point D. 1.3 and 1.5 mg/l at point F and 0.9 and 1.0 mg/l at 
point G. During the dry months, the concentration was 1.23 mg/l at point A and 1.2 
mg/l at point B while it ranged between 1.4 and 1.81 mg/l at point C, 1.2 and 10.4 
mg/l at point D, 0.4 and 1.23 mg/l at point E, 1.2 and 2.00 mg/l at point F, 1.2 and 
1.6 mg/l at point G. 
CADMIUM: Cadmium values for rainy and dry months of the study range as  
follows;  At  point A rain  (1.00 -   1.15 mg/l)  dry (0.65 mg/l); point B rain (0.8 - 1.6 
mg/l); 0.93 mg/l dry (0.70 mg/l) point C rain (1.44 mg/l)  dry   1.3-1.6 mg/l).  Point D 
rain (1.00 - 1.20 mg/l) dry (0.80 - 0.90 mg/l); point E rain (0.9 - 1.0 mg/l) dry (0.7 - 1.4 
mg/l); point F rain (1.20 mg/l) dry (0.8 - 1.2 mg/l); point G rain (0.85 - 0.86 mg/l) dry 
(0.80 -0.87 mg/l). 
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ARSENIC:  Arsenic concentrations range between 0.72 and 1.12, 0.80 and 0.95, 1.15 
and 1.60, 0.80 and 1.20, 0.40 and 1 .00, 0.80 and 1.4, 0.80 and 1.00 mg/l respectively 
at points A, B, C, D, E,F, and G.LEAD: In the dry months, lead concentrations at 
point A were 0.70 and 0.80 mg/l but ranges between 1.15 and 1.18 mg/l at point A 
and between 0.84 and 0.98 mg/l at B during the rainy months.    In the dry months, 
the value ranges between 0.70 and 0.80 mg/l at point F, 0.50 and 0.90 mg/l at point 
G, 0.75 and 1.63 mg/l at point; C, 0.50 and 0.80 mg/l at point D while 0.80 mg/l was 
recorded at point E. In the rainy months, lead concentrations range between 1.38 
and 1.43 mg/l at C, 1.00 and 1.10 mg/l at D, 1.2 and 1.17 mg/l at point E, 0.83 and 
0.85 mg/l at point G while at point F, 1.20 mg/l was recorded. MERCURY: The 
values during the rainy months range between 1.19 and 1.2 mg/l at point A, 0.80 
and 1.15 mg/l at point B, point C 1.42 and 1.45 mg/l, point D 1.05 and 1.15 mg/l, 
point E 1.00 and 1.06 mg/l, F 1.26 and 1.28 mg/l and G ,0.80 and 0.87 mg/l. In the 
dry months, the value was 0.63 mg/l at point A and 0.65 mg/l at B and ranges 
between 0.71 and 1.63 mg/l at point C, 0.40 and 0.65 mg/l at. D, 0.80 and 0.83 mg/l 
at E, 0.73 and 0.75 mg/l at F, 0.50 and 0.80 mg/l at G. Results of trace and heavy 
metals concentrations is shown in table 2. 
 
TABLE 2: MONTHLY CONCENTRATIONS OF METALS (TRACE AND HEAVY) 
OF THE WATER AND EFFLUENT SAMPLES. 
 STUDY SITES 
Parameters Season Month THE POND ALARO STREAM 
   Unit 
in mgl-
1A 
Unit 
in mgl-
1B 
Unit 
in mgl-
1C 
Unit 
in mgl-
1D 
Unit 
in mgl-
1E 
Unit 
in mgl-
1F 
Unit 
in mgl-
1G 
 Rain August 1.00 0.80 1.44 1.20 0.90 1.20 0.86 
Cd  Sept 1.115 0.93 1.43 1.00 1.00 1.20 0.85 
 Dry October 0.65 0.70 1.60 0.90 0.70 0.80 0.87 
  November   1.30 0.80 1.40 1.20 0.80 
 Rain August 1.20 1.20 1.40 1.30 1.20 1.30 1.00 
Ni  Sept 1.30 1.20 1.60 1.40 1.20 1.50 0.90 
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 Dry October 1.23 1.20 1.81 1.20 1.23 1.20 1.20 
  November - - 1.40 10.40 0.40 2.00 1.60 
 Rain August 1.20 2.20 1.42 1.40 1.20 1.80 1.00 
Cu  Sept  1.40 1.28 1.60 1.50 1.23 1.60 1.10 
 Dry October 2.60 2.40 3.60 2.80 2.60 2.40 2.60 
  November - - 7.40 11.60 7.60 10.40 8.20 
 Rain August 1.00 0.85 1.30 1.10 1.00 1.26 0.90 
As  Sept 1.12 0.95 1.40 1.02 1.00 1.24 0.80 
 Dry October 0.72 0.80 1.60 0.83 0.85 0.80 0.92 
  Nov - - 1.15 1.20 0.40 1.40 1.00 
 Rain August 1.20 0.80 1.42 1.05 1.00 1.26 0.80 
Hg  Sept 1.19 1.15 1.45 1.15 1.06 1.28 0.87 
 Dry October 0.63 0.65 1.63 0.65 0.83 0.75 0.80 
  November - - 0.71 0.40 0.80 0.73 0.50 
 Rain August 1.18 0.84 1.38 1.00 1.20 1.20 0.85 
Pb  Sept 1.15 0.98 1.43 1.10 1.17 1.20 0.83 
 Dry October  0.70 0.80 1.60 0.80 0.80 0.80 0.90 
  November - - 0.75 0.50 0.80 0.70 0.50 
 Rain August 1.20 1.40 1.50 1.40 1.25 1.75 1.20 
Zn   Sept 1.38 1.25 1.62 1.42 1.23 1.55 1.00 
 Dry October 1.21 1.22 1.80 1.19 1.20 1.20 1.22 
  November - - 0.25 2.20 0.10 0.30 0.20 
 Rain August 275.00 123.60 220.00 164.30 218.00 170.50 160.00 
Na  Sept 270.00 122.40 216.00 160.20 216.00 180.00 162.00 
 Dry October 52.20 16.20 59.40 18.00 18.00 27.00 23.40 
  November - - 76.50 108.00 57.60 59.40 45.00 
 Rain August 58.00 59.00 75.40 125.40 51.30 45.60 47.50 
K  Sept 57.00 55.10 74.10 125.40 51.30 45.60 47.50 
 Dry October 30.40 19.00 53.20 53.20 13.30 13.30 15.20 
  November - - 228.00 475.00 127.30 127.30 91.20 
 Rain August 1.00 0.82 1.50 1.00 1.00 1.20 0.90 
Mg  Sept 1.10 0.90 1.40 1.10 1.00 1.30 0.80 
 Dry October 0.70 0.83 1.63 0.83 0.80 0.80 0.90 
  November - - 0.74 0.35 0.77 0.70 0.60 
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 Rain August 130.20 128.40 164.50 130.50 115.80 160.00 150.20 
Ca  Sept 128.70 127.80 168.70 138.40 115.50 157.80 148.10 
 Dry October 98.10 142.10 148.10 200.00 120.10 120.10 112.00 
  November - - 147.50 195.00 130.00 115.00 110.00 
 
CONCENTRATIONS OF THE NON-METALS AND METALS (TRACE AND 
HEAVY) IN THE SEDIMENTS OF ALARO STREAM AND THE POND  
PH: The PH value is between 6.30 and 6.40 at point B and stable at 6.50 at points E, 
F and G.CATION EXCHANGEABLE CAPACITY (CEC): This ranges between 3.27 
and 3.30 at point B, 3.30 and 3.50 at E, 3.42 and 3.60 at F and 2.98 and 3.08 at 
point G.PHOSPHATE (PO4): PO4 values at point B is between 0.12 and 0.13, stable 
at 0.17 at point E, range between 0.13 and 0.15 at point F and stable at 0.10 at 
point G. 
MERCURY: The value was between 0. 08 and 0.28mg/l at point B, 0.10 and 0.30 
mg/l at point E, 0.10 and 0.30 mg/l at point F and 0.07 and 0.27 mg/l at point 
G.NICKEL: Nickel was between 0.049 and 0.051 mg/l at point B, 0.048 and 0.052 
mg/l at points E and F and 0.037 and 0.047 mg/l at point G.ARSENIC: Arsenic 
value for point B ranges between 0.07 and 0.08, point E between 0.09 and 0.10 mg/l, 
point F between 0.08 and  1.10 and point G between 0.06 and 0.07 mg/l.CADMIUM:  
For the lower and upper range, the cadmium values are respectively 0.014 and 
0.034 mg/l for point B, 0.018 and 0.02 mg/l for point E and F, 0.013 and 0,034 mg/l 
for point G.CHROMIUM: Chromium ranges between 0.80 and 1.20 mg/l at point B, 
0.9 and 1.0 mg/l at point E and F and 0.70 and 0.80 mg/l at point G.Other details of 
the concentrations of the metals (trace and heavy) and non-metals of the sediments 
of Alaro stream and the pond in two months is shown in table 3. 
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TABLE 3:  CONCENTRATIONS OF THE METALS (TRACE AND HEAVY) AND 
NON - METALS OE SEDIMENTS OF ALARO STREAM AND THE POND IN TWO 
MONTHS. 
 CONCENTRATIONS IN MGL-1 
PARAMETERS MONTHS THE POND ALARO   STREAM 
B E F G 
As October 0.07 0.09 0.08 0.06 
 November 0.08 0.10 0.10 0.07 
Cd October 0.014 0.018 0.018 0.013 
 November 0.034 0.02 0.02 0.034 
Cu October 0.04 0.04 0.06 0.04 
 November 0.06 0.05 0.08 0.06 
Pb October 0.08 0.05 0.10 0.06 
 November 0.06 0.04 0.04 0.09 
Hg October 0.08 0.10 0.10 0.07 
 November 0.28 0.30 0.30 0.27 
Ni October 0.051 0.048 0.048 0.037 
 November 0.049 0.052 0.052 0.047 
Zn October 0.046 0.043 0.043 0.034 
 November 0.060 0.082 0.079 0.080 
Cr October 0.80 0.90 0.90 0.70 
 November 1.20 1.00 1.00 0.80 
Mn October 0.04 0.04 0.05 0.03 
 November 0.06 0.06 0.08 0.04 
K October 0.24 0.05 0.03 0.10 
 November 0.27 0.80 0.06 0.17 
Na October 0.09 0.08 0.16 0.09 
 November 0.10 0.10 0.20 0.09 
Ca October 1.20 0.98 1.04 1.25 
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 November 1.40 1.00 1.20 1.40 
Mg October 1.65 2.10 2.10 1.44 
 November 1.80 2.30 2.30 1.60 
PH October 6.30 6.50 6.50 6.50 
 November 6.40 6.50 6.50 6.50 
CEC October 3.27 3.30 3.42 2.98 
 November 3.30 3.50 3.60 3.08 
P04- October 0.12 0.17 0.13 0.10 
 November 0.13 0.17 0.13 0.10 
So42- October 0.005 0.004 0.005 0.004 
P(ppm) October 1.98 1.02 0.68 0.96 
 November 1.90 1.22 0.80 0.98 
% Base October 97.25 97.42 97.37 96.64 
Saturation November 96.25 96.64 96.58 96.20 
 October 0.085 0.085 0.085 0.098 
H+ November 0.090 0.065 0.066 0.060 
 
NON-METALS AND METALS (TRACE AND HEAVY CONCENTRATIONS) IN 
SOME PLANTS AND ANIMALS SURROUNDING THE POND AND ALARO 
STREAM 
ARSENIC: In the pondweed, Potamogeton, the values range between 30 and 35 mg 
kg-1 while it was 40mg kg-1 in the pouch snail, physidae. In the mud crab, 
Eurypanopeus adspersus at point F it ranged between 25 and 28 mg kg-1 while 15 
mg kg-1 was for the banana sucker Musa, the value ranges between 30 and 35 mg 
kg-1.NICKEL: At point B, 50 and 55 mg kg-1 was recorded for the pouch snail and 
pondweed respectively. At point F it ranged between 50 and 55 mg kg-1 in the 
banana sucker and 60 and 65 mg kg-1 in the mud crab. At point G, the value ranges 
between 55 and 60 mg kg-1 in the mud crab, Eurypanopeus adspersus.  
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POTASSIUM: The potassium concentrations in the pouch snail and pondweed, 
Potamogeton at point B respectively range between 1615 and 1750 mg kg-1, and 
7315 and 8500 mg kg-1.At point F, the banana sucker recorded between 8900 and 
8925 mg kg-1  while the mud crab recorded between 2470 and 2530 mg kg-1. The 
crab at point G recorded values ranging between 2456 and 2480 mg kg-1.CADMIUM: 
At point B the pouch snail and the pondweed recorded 40 and 35 mg kg-1 
respectively.    The values for the banana sucker and the mud crab at point F range 
between 40 and 45 mg kg-1, and 40 and 44 mg kg-1 respectively. At point G the mud 
crab had the values that range between 20 and 27 mg kg-1.MERCURY: The pouch 
snail at point B recorded 35 while the value ranges between 25 and 30 in the 
pondweed at the same point. The mud crab at point F recorded 28 and the banana 
sucker had the values that range between 30 and 35 mg kg-1. CALCIUM: The 
calcium values in the mud crabs at points F and G range between 5872 and 5897 
mg kg-1, and 5747 and 5792 mg kg-1 respectively. The banana sucker at point F 
recorded the values ranging between 8394 and 8614 mg kg-1. At point B, the value 
ranges between 2175 and 2365 in the pouch snail and between 2847 and 3032 mg 
kg-1 in the pondweed. 
Details of non-metals and metals (trace and heavy) concentrations in some plants 
and animals surrounding the pond and the stream is shown in table 4. 
TABLE 4: CONCENTRATIONS OF NON-METALS AND METALS (TRACE 
AND HEAVY) OBTAINED FROM ORGANISMS SURROUNDING (ABOUT 1 
METRE) THE POND AND ALARO STREAM IN TWO MONTHS. 
Concentrations in MGKG-1 
Parameters Months The Pond ALARO STREAM 
  Point B POINT F POINT G 
  Pouch 
snails 
Pond 
weed 
Banana 
sucker 
Mud crab Mud crab 
As October 40 30 30 25 15 
 November 40 35 35 28 15 
Cd October 40 35 40 44 20 
 November 40 35 45 44 27 
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Cu October 60 65 45 65 60 
 November 60 60 50 67 60 
Pb October 40 35 40 40 28 
 November 50 40 45 42 30 
Hg October 35 25 30 28 18 
 November 35 30 35 28 20 
Ni October 50 55 50 60 55 
 November 50 55 55 65 60 
Zn October 50 53 45 63 60 
 November 55 55 50 70 60 
K October 1615 7315 8925 2470 2456 
 November 1750 8500 8900 2530 2480 
Na October 540 540 720 720 705 
 November 550 555 850 870 785 
Ca October 2175 2847 8394 5872 5747 
 November 2365 3087 8614 5897 5747 
Mg October 40 35 40 40 40 
 November 50 40 40 42 40 
Po4- October 65 68 70 65 60 
 November 60 65 45 65 60 
S042- October 60 65 45 65 60 
 November 50 70 50 70 65 
Cr October 38 30 35 30 19 
 November 40 35 40 35 48 
Ma October  60 70 55 50 30 
 November 60 75 60 55 45 
Fe October 50 45 50 50 50 
 November 65 50 55 55 50 
 
COMMUNITY SIMILARITY STUDIES 
SORENSEN'S COMMUNITY SIMILARITY 
The values of Sorensen’s co-efficient of community similarity between points E and 
F was 0.870, E and G 0.80, and B and E was 0.378.  
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DISCUSSION 
During the month of November, there was no discharge of effluents from Isoglass 
Ltd. Also, the pond dried up because of the onset of dry season. Hence there was no 
effluent and water sample collected at points A and B respectively for the month. 
EFFLUENTS AND WATER SAMPLES 
PHYSICO - CHEMICAL CHARACTERISTICS 
Analysis of dissolved oxygen (DO) values showed that the mean value at point B 
was 4.6mgl-1. This is lower than 5.0 mgl-1 of the Federal Environmental Protection 
Agency (FEPA) limits as reported by Odiete (1999). Based on this value, the water 
obtainable at point B can be termed slightly polluted.  (Pratt, 1977). At points E, F 
and G, the mean DO was 8.16, 7.56 and 11.24 mgl-1 respectively. These higher 
values compared with point B could he attributed to the lothic (moving) nature of 
Alaro stream unlike the pond which is lenthic (still and standing) in. nature. The 
mean biochemical oxygen demand (BOD) value of 3.17 mgl-1 obtained at point B is 
within the acceptable limit  and slightly polluted range of 1.5 - 12.8 mgl-1 
classification index of polluted water given by Pratt (1977). At points E, F and G the 
values also fell within the acceptable to slightly polluted range. The mean nitrate 
values of 34.00, 35.55 and 29.35 mgl-1 recorded for effluents discharged at points A, 
C arid D respectively are higher than the effluent limitation of 20mgl-1 for all 
categories of industries in Nigeria. The high mean values at points C and D can be 
due to the exceptionally high value recorded in one of the sampling period which 
coincided with the industrial cleaning at Pepsi 7up and Sumal Ltd.At point A, the 
mean phosphate value of 5.99 mgl-1 was higher   than the   5.0 mgl-1 given   by   
FEPA (1991) for effluents   discharge   by   all   categories   of industries.      The 
variations in the phosphate concentrations observed at the different points    
studied    could    be    attributed    to    the contributions from non-point sources. 
These sources are the wastes of unknown composition, and volume like street run-
off, agricultural run - off and other such wastes that found their ways into the two 
water bodies (Prasad, 2000). The     mean      values     of     ammonia concentration 
of 121.03,   180.95 and 123.83 mgl-1 recorded at E, F and G respectively are much 
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higher than the 0.02 mgl-1 FEPA quality criterion for water.   These were 
contributed by the effluents from Pepsi 7up and Sumal Ltd as shown by the 
analysis of ammonia contents they contain. Additional ammonia concentrations at 
points E, F and G could be from organic matter such as faecal and refuse materials 
in the area. 
METALS 
The mean cadmium of 1.44 mgl-1 recorded by the effluents discharged at point C is 
higher than the less than1 (<1) FEPA limits for effluents from all categories of 
industries. The 1.00 and l.l0 mgl-1 mean values at points E and F are also higher 
than the less than l.0mgl-1 for water. The mean nickel values from effluents at 
points C and D are higher than the less than I mgl-1 FEPA limits. These values and 
the high nickel load from upstream account for the high nickel recorded at points E 
and F. Nickel has been grouped as list II metals by Mason (1991) based on its 
deleterious effect on the aquatic environment, which can however be confined to a 
given area and depends on the characteristics and location of the water into which 
they are discharged. The mean copper concentrations at all the points studied are 
higher than FEPA limits of less than mgl-1. Copper is among the list II metals 
stated above. The mean mercury concentrations in all the effluents discharge are 
higher than 0.05 mgl-1 effluents limitation guidelines in Nigeria for all categories of 
industries (FEPA, 1991). In the pond, the mean mercury value of 0.871 mgl-1 
recorded is higher than FEPA quality criterion for water. Mean values of zinc in the 
effluents discharged at points A, C and D are higher than FEPA limits of less than 
1 mgl-1. At points B and F the mean Zinc concentrations are higher than 
recommended value of less than 1 mgl-1 for surface water. Zinc is among the list II 
metals as grouped by (Mason, 1991). 
The metals and non-metals concentrations of the sediments were lower than those 
observed in the surface water. This could be attributed to the pH values of the 
water and sediments (ranging between slight acidic and neutral which favors    the    
prolonged    retention    time    of   these substances. 
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THE BIOTA IN ALARO STREAM AND THE POND 
Throughout    the    study,    the    number    of   individual organisms found at point 
F were more than that at point E this can be   due to the   recovery of the water at 
point F downstream    from    the    effects    of    industrial    pollution (Ugwumba, 
2000), Hence there is improvement in water quality recorded in terms of species 
richness which reflects the effect of the physico - chemical qualities on the 
organisms. Thus diversities at point E throughout the four month study were low 
due to effects of the discharged effluents. The overall differences observed in species 
richness at point G (the control), point E (point of entry of effluents) and point F 
(downstream) indicated a self - purification or recovery. The regular flow of Alaro 
stream from upstream through points G, E to F and beyond assisted self— 
purification by turbulence and the presence of macrophytes at the sides assisted by 
the way of photosynthesis (Hynes, 1970).More individuals of organisms were 
recorded at point B than any other points studied.   This can be attributed to the 
lenthic nature of the pond, which retains more inorganic nutrients than the moving 
Alaro stream 
METAL CONCENTRATIONS OF SOME ORGANISMS FOUND IN ALARO 
STREAM AND THE POND HYDROLOGY 
The Potamogeton, physidae, Eurypanopeus adspersus and the banana sucker 
showed an increase in the metal concentrations from that of the effluents 
discharged down to the two water bodies. This is in accordance with Prasad (2000) 
who showed that wastes generated from alkali manufacturing industries contain 
mercury which could build up to 1000 times higher concentrations in fishes than 
found in the receiving water course. The mean metal concentrations recorded in 
physidae, potamogeton, Banana sucker and Eurypanopeus adspersus surrounding 
Alaro stream and the pond (about 1 metre to the water) are higher than the 0.01 
mgl-1 recommended value for aquatic life (Fritz et al 1990) in water quality 
standards for aquatic life as cited in the water encyclopedia. 
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SORENSEN'S CO-EFFICIENT OF COMMUNITY 
SIMILARITY INDEX 
Sorensen's co-efficient of 0.87 between points E and F showed some similarities 
between the two points. This can be attributed to the receding water level during 
the dry months of the study, thus excluding some of the usually different organisms 
from point F and therefore increasing the chance of similar species which can 
tolerate the pollution effects felt more at point F during the dry season. During dry 
season, the effluents of some towns become the water supplies of other towns 
downstream, even though it may have undergone self-purification and recovery. 
In conclusion, the results of this study showed that effluents from Pepsi 7up and 
Sumal Ltd being discharged into Alaro stream have adverse effects on the stream 
biota. This was measured in terms of the water quality, diversities of organisms in 
the stream and the subsequent effects on organisms surrounding the stream. The 
pond in study also gets polluted by the effluents it receives from Isoglass Ltd. These 
effluents contain toxic materials which have the ability to accumulate in the aquatic 
organisms in the two water bodies. The effects of which range from causing 
different diseases to death. For example consumption by man of fishes and shellfish 
that have accumulated mercury leads to Minamata disease often associated with an 
epidemic in Minamata Bay Kyushu, Japan during which many deaths occurred, due 
to methyl mercury poisoning. Industrialization is considered as a measure of 
development of the country. Since Nigeria is at developing stage, industrialization 
can be achieved by aiming at sustainable development so that basic necessities are 
fulfilled without adversely affecting the ecological integrity and bioproductivity of 
the ecosystem. Hence, more effective treatment of released effluents by Isoglass Ltd, 
Pepsi 7np and Sumal Ltd will minimize toxicity for the improvement of life in the 
pond and Alaro stream. People need to be educated on the health impacts of eating 
(consuming) aquatic organisms taken from these polluted water bodies. 
CONCLUSION 
The results of this study showed that effluents from Pepsi,7up and Sumal Ltd being 
discharge into Alaro stream have adverse effects on the stream biota. This was 
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measured in terms of the water quality, diversities of organisms in the stream and 
the subsequent effects on organisms surrounding the stream. The pond in study 
also gets polluted by the effluents it receives from Isoglass Ltd. These effluents 
contain toxic materials which have the ability to accumulate in the aquatic 
organisms in the two water bodies which will eventually be passed to man who take 
these organisms for food. The effects of which range from causing different diseases 
to death. For example consumption by man of fishes and shellfish that have 
accumulated Mercury leads to Minamata disease associated with an epidemic in 
Minamata Bay Kyushu, Japan during which many deaths occurred, due to methyl 
mercury poisoning. 
RECOMMENDATION 
Industrialization is considered as a measure of development of the country. Since 
Nigeria is at developing stage, she cannot stop industrialization nor can she afford 
the growing levels of pollution generated by the industries. This can be achieved by 
aiming at sustainable development so that our basic necessities are met without 
adversely affecting the ecological integrity and bioproductivity. Hence, more 
effective treatment of released effluents by Isoglass Ltd, Pepsi, 7up and Sumal Ltd 
will minimize toxicity for the improvement of life in the pond and Alaro stream. 
People should be educated on the health impacts of eating aquatic organisms taken 
from these water bodies. 
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